Purpose: Thrush is an opportunistic infection of the buccal cavity by the organism Candida albicans. It is most commonly seen in infants and becomes relatively uncommon between 6 to 9 months of age implying the infection is possibly dictated by risk factors present at or around the time of birth. The objective of this study is to determine if there is an association between the development of thrush and cesarean delivery, as we hypothesize.
Thrush is an opportunistic infection of the buccal cavity by the commensal organism Candida albicans. Colonization by Candida yeast is thought to occur at an early age, with the organism being acquired during passage through the birth canal, nursing, or from food. There are approximately 200 species in the genus Candida and within this group, C. albicans accounts for nearly 75% of all candidal infections. Thrush occurs, in part, when innate and acquired host-defense mechanisms do not act in concert with the resident bacterial flora. This leads to an imbalance within the system, providing an ecological advantage for C. albicans to flourish. 1 In most cases, thrush is limited to the neonatal and infant periods of life. Thrush is also associated with immunocompromised or polyendocrine disorders as well as iatrogenic causes, such as antibiotic or steroid use. Thrush is seen in as many as 37% of newborns during the first month of life and is associated, internationally, with poorly nourished populations. 2 In mild cases, the disease is typically self-limiting but is associated with discomfort; this becomes concerning in newborns, as it can affect their ability to feed. Thrush occurs equally in males and females. 2 The disease is rare during the first week of life, with incidence peaking around the fourth week of life; it becomes uncommon after 6 months to 9 months of age once the child's immune system has established itself. 2 Thrush, however, can occur at any age in predisposed patients.
Due to the temporal nature of thrush, along with its predilection of the neonate without gender specificity, it is thought that this disease may, in part, be influenced by disruption in the infant's oral microbiota. 1 There has been research demonstrating that there is a difference between the oral bacteria of vaginally-delivered versus cesarean-delivered neonates. 3 There is considerable research on the microbiome of the neonate's intestines, along with several studies that have correlated a difference between the intestinal microbiota of vaginally-delivered versus cesarean-delivered neonates. 4, 5, 6, 7 Mode of delivery has also shown association with differences in the occurrence of atopic diseases, such as eczema and asthma 8, 9, 10 as well as inflammatory bowel disease 11 and obesity. 12 Therefore, these known findings suggest the oral microbiota, which is influenced by the mode of delivery, could possibly influence the neonate's susceptibility to oral candidal stomatitis. To our knowledge there is only 1 study that looked at the association between the mother's vaginal colonization with candida at the time of birth and the neonates development of thrush. This study explored the direct transfer of candida to the neonate and did not look into whether the development of thrush, or lack thereof, was associated with the transfer of protective flora from the mother. 13 The goal of this study was to investigate the association of mode of delivery and the development of thrush within the first 12 months of life.
Methods
Institutional review board exemption was obtained based on the retrospective nature of this study and the removal of identifiable information by the electronic medical records during the initial data collection, leaving behind medical record number, age, sex, mother's parity, group B streptococcus (GBS) status, and thrush ICD codes. Data were collected from Family Health Services of Erie County (FHS) and birth records from Firelands Regional Medical Center, both located in Sandusky, Ohio.
Records from the past 10 years at FHS and ICD codes (Table 1) were used to identify study participants, due to lack of an electronic medical record before 2007. ICD 9 and 10 codes for oral candidiasis were used to identify patients who had a diagnosis of thrush before 12 months of age and each child was only counted once. The mode of delivery in these patients was obtained from birth records from Firelands Regional Medical Center. Other variables, age and sex of the neonates as well as the mother's parity and GBS status, were also obtained and explored as potential confounding variables.
The control group was selected from the FHS population by using ICD 9 and 10 codes (Table 1) for well-child visits; this generated 2391 total potential patients. The data were again refined to 509 randomly selected patients, with the use of Microsoft Excel's randomization function. This was done to achieve a strong statistical power by using a 1:4 ratio of thrush to control while compromising for time consideration of the study.
Twelve months of age was used as the cut off in selection criteria, because maternal protection bestowed to the neonate starts to wane around the 6-month mark and is reasonably gone by 12 months of age.
14 Furthermore, long-term colonization is probably responsible for eliciting the circulating immunoglobulin-G (IgG) and mucosal secretory immunoglobulin-A (S-IgA) antibodies to C. albicans that are detectable in most healthy individuals. It is likely these host defenses, along with circulating leukocytes and macrophages, help restrict C. albicans superficial growth on the mucosal surfaces.
1 Lastly, 12 months is the point in time when infants, in the United States, start to receive their first live-attenuated vaccine. 15 For the purposes of this study, we consider the adaptive immune system to be working in individuals by this point in time due to the delivery of live vaccines.
Gestational age of less than 34 weeks was excluded in both groups due to prematurity being a risk factor for a lower birth weight, which correlates with an increased risk of oral candidal infections. All neonates in this study were well above the cut off of 2000 g at birth, which is what most articles reference as a risk factor for oral candidia- sis. 16, 17, 18 Mode of delivery, vaginal versus cesarean section, was used as the exposure arm of the study.
Various statistical methods were used in this study. These included the multivariable logistic regression, unadjusted 2 test of association, and nonparametric 2 test of goodness-of-fit. Statistical significance was evaluated at P Յ .05. Variables also of interest included age, sex, mother's parity, and GBS status, which were also used for subanalysis regarding thrush risk. It was assumed that a positive GBS status in the mother indicated antepartum antibiotic use. Due to the retrospective design of this study, some data could not be obtained. If the mode of delivery could not be determined, these neonates were excluded from the study. Data of the mother's parity and GBS status could not be completely accounted for, as seen in Table 2 and  Table 3 .
Results
In all, 636 patients' medical records were obtained and reviewed (Table 2, Table 3 ). Of these, 127 participants who were all greater than 34 weeks of gestation at birth were identified with a diagnosis of thrush before 12 months of age. The unadjusted 2 analysis showed no statistically significant association between thrush and mode of delivery (P ϭ .619). (Table 4 ) This result was also consistent with that obtained from a multivariable logistic regression that indicated that during the first year of life, children born by cesarean section were no more likely to develop thrush compared with those born by vaginal delivery (P ϭ .533; odds ratio [OR], 1.190; 95% CI, 0.688 -2.06) ( Table 5) , controlling for the effects of age and sex of the neonate and the parity and GBS status of the mother. One intriguing result, however, was that neonate sex was marginally predictive of mode of delivery (P ϭ .032; OR, 1.64; 95% CI, 1.04 -2.57) ( Table 5 ). That is, male neonates were more likely to be delivered vaginally when compared with female neonates.
Discussion
Our study found that there is no significant association between the mode of delivery and the development of thrush in the first year of life. Through extensive literature searches, we have been unable to find any previous studies that support or refute these findings. Current knowledge of thrush does demonstrate many models as to why C. albicans can become an opportunistic infection of the buccal cavity. It is reasonable to conclude that the development of thrush is multifactorial; however, mode of delivery likely does not contribute, based on these findings.
Although it should be noted that in other studies thrush is known to peak around the fourth week of life, 2 this study may reflect only the prethreshold relationship between mode of delivery and the incidence of thrush (eg, before 12 months of age). Carving out the threshold or postthreshold relationships would require extending the study to a later age of life.
Furthermore, these results showed a marginal association between child's sex and mode of delivery. Other reports have noted a higher relative risk of cesarean sections with male neonates; this research would contradict this notion. 19 We would consider this a spurious correlation in the sense of it being statistically significant but perhaps clinically insignificant in its practical application. This said, there may be the need to explore this phenomenon further to conclusively establish if indeed this observed association was purely due to chance or a real development worthy of clinical attention. The strengths of this study include 1 a population-based retrospective study 2 , a relatively selfcontained unified health care system 3 , ascertainment of subjects by applying predetermined criteria through a comprehensive medical record review, and 4 reasonable statistical power because of the moderately large sample size.
Nonetheless, there are also inherent limitations of this study because of its retrospective design. The incidence of thrush may have been underreported in the medical records, potentially with less severe cases going unmentioned. Potential confounding variables were not included in the model, such as exposure to day care, siblings, or family members who may have transmitted the candidal species to the patient. Oral candidiasis has been reported to be strongly associated with socioeconomic status, which was not taken into consideration in this study. The studied population likely mimicked the population of Erie County, Ohio, where FHS and Firelands Regional Medical Center are located. The local population is predominantly white/not Latino (83.7%) and is not representative of the US population as a whole. 20 It was also assumed that all children in the study have an adequate innate immune system, which may have not been the case. The main limitation of this study was in the data collection process; the diagnosis of thrush was only captured if the patient presented to FHS, an outpatient clinic, not to the emergency department. It was also difficult to find a structured way to obtain a control population; therefore, wellchild visits were used, which captured most of the children within FHS, spanning over the past 10 years.
This study looked at infants with a diagnosis of thrush within the first 12 months of life and the relationship to vaginal or cesarean delivery. Other studies have shown differences in oral and gut microbiota as well as varying potential for asthma, eczema, and obesity based on the mode of delivery. As a result of this study, we conclude that it does not seem that mode of delivery has an impact on the development of thrush within the first 12 months of life, but further research is warranted. 
